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High-p+ Inclusive Spectra

Where’s the fragmentation regime?

What'’s the lower limit on the medium density!?

T. Peitzmann, Hard Probes 2006, Asilomar
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Inclusive Suppression

e studied with nuclear
modification factor

d*N** | dp..dn
R = !
alPr) T,.d°c™ I dp.dn
established probe of final

state suppression

— sensitive to density of the
medium

J. Adams et al, Phys. Rev. Lett. 91 (2003) 072304

-o-d+Au FTPC-Au 0-20%
—4-d+Au Minimum Bias

1.5

Rag(P7)

* very close to maximum
suppression
— provides only lower bound
0 2 4 6 8 10 on density
* surface bias in high p+

hadron emission!
T. Peitzmann, Hard Probes 2006, Asilomar
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Dependence of Suppression on
Geometry

~ 1.5
3 [ * Cu+Cu fit smoothly to
© - trend of Aut+Au
A 1 B — smaller uncertainties for
= Ry =A- BN, a=02720.16 small N_,..
— a=2/3 ]
é L S5 POM: Aw+Au * universal dependence
. ZII PQM: CuiCu
0.5 . b{« _ on Noare
= . T ———— — does not strongly favour
o AutAu & » particular scaling law
| @ CutCu
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Baryon vs. Meson R

8 14— * baryon/meson
W i R, 0-5%/60-80% separation at
: intermediate p+
1 ; | | | — baryon
08l 1ol enhancement
i T 111![21": LA .
] $ 8 * explained by non-
o6 L M ¢ ,
. + | Jf ragmentation
oalm 7 I contribution
-1 #A‘AA il 1 + . .
02 L h- - % — e.g. recombination
"= L Au+Au 200 GeV o
[ STAR Prelimina y ° dlsappears at
| P i (PR FPTT FPTTL PP FETT FPTTL PRTT PR
0 1 2 3 4 5 6 7 8 9 10 pr = 6 GeV/c

p; (GeV/c)
— fragmentation limit?

— difference between
q and g energy loss!?

T. Peitzmann, Hard Probes 2006, Asilomar
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v, of ldentified Hadrons

G 0.25 A I R I I B I B B
[ 200 GeV AutAu | ] - finite v, at high py
02k — * saturation and onset
[ - of decline at
0_15:_ - . pr > 3 GeV/c
N 1 § ° clear meson/baryon
- 17 scaling at
0.1 = % intermediate p
L 0% . § * v, from anisotropy in
0.05 O, - 3 jet quenching
5§_“)A A p+D AALK - < — path length
V) P PP PP PR PSP PR TS e dependence
0 1 2 3 4 5 6 7 8 9

P, (GeVl/c)

* meson/baryon scaling extends out to high p;

* possibly: surface bias yields identical R,, (R,,) in central collisions for q and g,
but difference still remains in v, from non-central collisions

PHENIX (open symbols):

Phys. Rev. Lett. 9/, 182301 (2003) T. Peitzmann, Hard Probes 2006, Asilomar



High-p+ Dihadron Correlations

Can we get an upper limit on the medium density?

How does fragmentation work after energy loss?

T. Peitzmann, Hard Probes 2006, Asilomar
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Dihadrons in Heavy lon Collisions

STAR - PRL91 (2003) 072304

e d+Au FTPC-Au 0-20% (a)
A d+Au min. bias

0.2 : :
* near-side correlation unchanged

* away-side peak suppressed in
central Au+Au

3 — consistent with surface emission
-O . . ] . . .
z | | | {1 * distributions in d+Au similar to
. 1 1 1 1 1 1 1 1 1 1 1 1 +
502 — p+p min. bias (b) P™P
5 * Au+Au central — suppression is final state effect

* more intuitive hint for “jet”
suppression, but quantitatively
much more difficult

T A (radians)

T. Peitzmann, Hard Probes 2006, Asilomar
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Emergence of Di-Jets

d+Au Au+Au, 20-40%

8 < p4(trig) < 15 GeV/c

Au+Au, 0-5%

* clear away side peak even in
central Aut+Au for high
trigger p

* background reduced for
higher associated p+

e Jittle modification of near-
side yield

9> (oosse)'d>p > (oosse)'d>¢

* suppression of away-side

yield apparent in central
Aut+Au

9 < (oosse)'d

0.05[ T l I T

OAq) (rad) "

(=]
a

Adams et al., nucl-ex/0604018 T. Peitzmann, Hard Probes 2006, Asilomar
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Au+Au, 40-80%, away-side

0.15]-

0.05|-

Width of Away-Side Peaks

8 < p4(trig) < 15 GeV/c

Au+Au, 0-5%, away-side

* away-side widths similar

6,,=0.25+003

6,,=0.20£ 0.01
o] Setan | preliminary fo ' CE ntral an d

peripheral

* fragmentation as in
vacuum?!

GM:O.Z?i 0.03 1 6A¢:0.22i0.01
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¥ Momentum Distribution of *
__ Near side, 1A0l < 0.63 Near'SIde Yleld

:'- A d+Au min bias
a1 - " Au+Au 20-40% . ]
¢ o AutAu0-5% * Modified di-hadron
: f X : fragmentation function
_ _ (X.-N. Wang) L
f Dh1h2 (Z trig) — trig dOA142 /dp;lgde
10'F . T FT T d h, /d trig
: r k : O an/ APT
: *: - p7a_ssoc
I ] Zr = trig
7
S | l | : * near-side yield consistent
& T ]} | | with no modification
— no dependence of ratio on z;
in measured range

o—— | IR SR T N T T N B R R
0.4 0.6 0.8 1
z; = p_(assoc) / p_(trig)

Adams et al., nucl-ex/0604018 T. Peitzmann, Hard Probes 2006, Asilomar
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Away side, IA) - tl < 0.63
L] T l L) L] |

N A d+Au min bias
a1 — = Au+Au 20-40%
X ® Au+Au 0-5%
107F -
l L l I 1 L |
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T
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- | |
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; bt
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1

z; = p_(assoc) / p_(trig)

Adams et al., nucl-ex/0604018

+—Momentum Distribution of
y-Side Yield

away-side yield strongly suppressed

— level of Ry,
— different surface bias?

s

— upper limit on medium density obtainable?

no dependence of ratio on z; in measured

range
— vacuum fragmentation?

of -o-d+Au FTPC-Au 0-20% ]

B —&-d+Au Minimum Bias H

/-'\_ | |
2 - AT :
Q15 —
oC Z i
U S e -
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Intermediate-p- Near-Side

Do we see the coupling of the jet to the medium!?

Can we test recombination models?

T. Peitzmann, Hard Probes 2006, Asilomar



U< Universiteit Utrecht

e

Near-Side Long-Range
Ar) Correlation: the Ridge

Au+Au 20-30%

Ad

T. Peitzmann, Hard Probes 2006, Asilomar

Near-side jet-like corrl.
+ ridge-like corrl.
+ v, modulated bkg.

Ridge-like corrl.
+ v, modulated bkg.

Away-side corrl.
+ Vv, modulated bkg.
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yield(A¢p,An)

Centrality Dependence of the Ridge

3< Pt rigger < 4 GeV and Pt assoc. > 2 GeV

0:2p * yield of associated
0.18 : iiij;m Ee:md .
s+ e particles can be
014 separated into a jet-like
0.12— . . .
ot yield and a ridge yield
008E — jet-like yield consistent in
0.06 — .
ol 1 and ¢ and independent
0.02 of centrality
WS 0w @0 0 w0 ';5“' | — ridge yield increases with
P centrality
. Putschke et al.,
/TP par:IISeCI taleke ’
An

N

T. Peitzmann, Hard Probes 2006, Asilomar
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Rapidity Dependence

- 0.12
E —
s, L
o - . ® o ¢ ¢
g’ 0.1~ . e b LN
i B o a & ®
- DAL
0.08— o0
B SR
L o s |
0.06 A n
L X
- [ ] i
0.04— L
B g,o e 3< pt,trigger <4 GeV
- ."‘! s 4<p. <6GeV
0.02 | o ttrigger
L o 6<p. <12GeV
B "o & t,trigger
0'_' ? 1 ) 1 | 1 I | I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

J. Putschke et al., parallel talk

IANI

» approximately linear
dependence on rapidity

— longitudinal scaling

* relation to longitudinal
flow!?

— shorter range for larger
trigger p

T. Peitzmann, Hard Probes 2006, Asilomar
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Dependence on Trigger p-

2 GeV . . o
. Prassoc = * yield significant up to
0 0.14— ® Minbias 40-60% .
3 - Vibias 30-40% pr = 9 GeV/c in central
'g, 0.12 - A Central 0-10%
SRS \ — clearly jet-related
0.081- \ 1 A d d
C [ ]
oonf - no strong dependence
004" u : on trigger hadron
C L
0.02E -\/+ momentum
0 )
0,025 — increase of jet-like yield
008 | . | | | = decrease of relative
2H|3l|ll4|1115||116111|7 8 9

pt,trig Yi e I d

J. Putschke et al.,
T. Peitzmann, Hard Probes 2006, Asilomar parallel talk
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Shape of Associated Particle Spectra

* jet-like spectra harder

dN /dp, < p e than inclusive
§‘2°°: “et” — flatter for higher
;gmo:_ ridge trigger p
’ Boof_ * % ridge spectra similar to
- : inclusive
o : — slightly larger slope
4°°;_ T % {’ — approximately
200 independent of
R trigger pr

J. Putschke et al.,
parallel talk T. Peitzmann, Hard Probes 2006, Asilomar
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Recombination and Dihadron

Correlations

* large baryon yield at * larger fraction of

intermediate p; explained b
care pr ©xp Y baryons produced from
recombination models I
recombination

 difference in correlation

structure expected (compared to mesons)
— naive expectation from pure * stronger modification of
thermal reco: no correlation .
— more realistic models: some correlation structure
correlation due to thermal- expected for baryon

shower reco (R. Hwa)

* hadrons from recombination
should show a modified
correlation

triggers

T. Peitzmann, Hard Probes 2006, Asilomar
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|dentified Hadron Triggers

-t
o

@ E Au+Au @ 200 GeV jet+ridge ® “F Aut+Au @ 200 GeV jet only
& 0.455 3GeVic<py®® S 0455 sl
o 045 eVic<p, <w Ed GeVic m h-h o 045 3 GeVic<p, <w t;:d Gevilc m h-h
£ 4 1.5GeVicepy ™ ep o v Ké-h £ 4L 1.5GeVicepy ™ epye ¥ KS-h
T - * A/A-h T - * A/A-h
2 035K 2 0.35F
> 5 > - STAR
© 03F ® 03fF relimina
(=2 C - = C P vy
S 0.25F g ¥ 0.25F
3 0.2f - fn 0.2f
E - :_ . :'_
2 015F & }; f t 0.15F
0.1F 0.1E
: ; § STAR 2 - N
0.051 preliminary 0.05F-§ i # {{ f !i 5
o:lllllllllllllllllllllllllllllllllllllll o:lllllllllllllllIlllIIlIl]llIlIllllIllll
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Npm Npan

* total associated yield increases with centrality: ridge!

* jet-like yield independent of centrality

— differences for strange particles

J. Bielcikowa et al,,
parallel talk T. Peitzmann, Hard Probes 2006, Asilomar
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|dentified Hadron Triggers

* less associated jet-like

§ [ maemomfmy wam | yieldfor A
s 0% . — higher ridge yield for A
2 o2f — consistent with
3 m;_ } recombination?
0'15 : { e attention when
0-05:— . z ] extracting correlation
AN B - S ¥ S S R strength in A¢ only!

plre%e’ (GeVic)

J. Bielcikowa et al,,
parallel talk T. Peitzmann, Hard Probes 2006, Asilomar
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Interpretation of the Ridge

* coupling of high energy * more general:
parton to longitudinal flow — ridge is jet-related structure
(Armesto et al, nucl- with properties similar to bulk
ex/0405301) — early coupling: before
— expect broadening but not longitudinal expansion
plateau — local energy (heating) or
* correlation from radial flow momentum transfer (collective
(Voloshin nucl-th/0312065) flow)

— not expected at high py * Does ridge measure the

e thermal recombination + amount of energy
local heating from energy

loss (Chiu & Hwa, Phys. Rev.
C72 034903, 2005)

— qualitatively consistent

transferred to the bulk?

T. Peitzmann, Hard Probes 2006, Asilomar



Intermediate-p- Away-Side

Where does the jet energy go!

Is their conical flow?

T. Peitzmann, Hard Probes 2006, Asilomar
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Two-Particle Correlations
| < p;(assoc) < 2.5 GeV/c (MaCh Cone?)

S P o
= " o * broad away-side distribution in
~ g
% i m AuAu Central ALI+AU

%0'5 — enhanced yield for lower p;
§“ — consistent with two-peak structure

e Mach cone or deflected jets?
. i | = study 3-part. correlation

— sensitive to elliptic flow subtraction

trigger

- 6.0GeV/c < p;

<10.0GeV/c
* dependence on trigger p+!
* enhanced yield for near-side

— quantitatively consistent with ridge

— near-side enhancement only ridge!?
= vacuum fragmentation!?

M. Horner et al.,

T. Peitzmann, Hard Probes 2006, Asilomar Poster
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Conical Flow vs Deflected Jets

i

TT
Medtwi |

»
A
away 0
defl jets

away

dlﬂﬁnear

© O 0

away @ O O

mach cone

J. Ulery et al,,

T. Peitzmann, Hard Probes 2006, Asilomar parallel talk
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Three-Particle Correlations

Au+Au Central 0-12% Triggered

5 A¢2 sF 7 0.5
: o0 4
2 545 3 glz —_
0- 535 2
TS i S s & n%
Bkgd x Bkgd g Nl
(Hard-Soft)  (Soft-Soft incl. Flow) ° '
-0.2
iSiKRPreliminaw Mo T2 s e s
. . . . ad
* signal obtained by subtraction of dominant backgrounds
— flow components, jet-related two-particle correlation
* improved analysis compared to QM (e.g. high statistics)
— additional check with cumulant analysis under way
— careful: different assumptions on background normalisation!
* clear elongation (jet deflection)
* off-diagonal signal related to mach cone?
J. Ulery et al,,

T. Peitzmann, Hard Probes 2006, Asilomar parallel talk



Heavy Flavour

Do we understand heavy flavour production?

What is the energy loss mechanism?

T. Peitzmann, Hard Probes 2006, Asilomar
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EIectrons in p+p Compared to pQCD

% [ e p+p/FONLL (these data) A STAR (PRL 94 (2005) 062301) ]
L. ~ FONLL uncertainty O PHENIX (PRL 96 (2006) 032001)
o)
2 10 4 57
o T = =hio nlf I~ T B T e _4;/
) — ]
© . N
| - | ]
Ll S R S F T v e e AN =
- STAR prellmma‘ry FONLL: Gi(eab) ™=+ .
-1 1 *l' 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1
1079 2 4 6 8 10
P, (GeVIc)

* single (non-photonic) electrons mainly from c and b

 pQCD (FONLL) scaled by K-factor =5.7 to match the data
* Ratio Data/pQCD is independent of p;for p;+ < 8 GeV/c

— same K-factor for charm and beauty?

J. Bielcik et al.,

parallel talk T. Peitzmann, Hard Probes 2006, Asilomar




:: = Universiteit Utrecht

Single Electron Ry,

Au+Au 0-5%  Vsnn =200 GeV

e

Armesto et al.
van Hees et al.

hep-th/051 1257
Phys. Rev. C 73, 034913 (2006)

g | Wicks et al. (DVGL) hep-th/0512076
o
A R LR Armesto et al, =10 GeV2/fm
---------- van Hees et al, averaged Charged Hadron RAA
L | assa= DVGL-R dN /dy=1000, averaged
DVGL-R+EL dN /dy=1000, averaged ol -e-d+Au FTPC-Au 0-20% ]
=+ =+ = DVGL-R+EL dN /dy=1000, charm only — - ~- d+Au Minimum Bias |
a - ]
QD 15 7
oc B ]
- .
0.53— —f
% 2 —a 6 8 5
- pr (GeV/c)
- 2
:[ lﬁT]ARl‘Pilr.?lllr'?llrl'ia,\yl | l L1 | L1l | | 11 ‘ | | theoretical description needS:
0 1 2 3 4 5 6 7 8 9 10 . .
o (GeV/Q) * extremely high density
' or
° I - I .. . .
R,a to 10 GeV/c in non-photonic electrons + significant contributions of

* suppression is approximately
the same as for light hadrons

J. Bielcik et al., parallel talk

collisional energy loss and
dominance of charm up to

high pr

T. Peitzmann, Hard Probes 2006, Asilomar



The Future: Photons

The reference probe.
Can we tag the initial jet energy!?

Can we measure energy loss!?

T. Peitzmann, Hard Probes 2006, Asilomar
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d+Au 2003
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Neutral Pion Spectra

measured with STAR Barrel
EMC

reconstruction of two-
photon invariant mass

agreement with NLO pQCD
in d+Au

used as input for direct
photon analysis

— statistical subtraction of decay
background

T. Peitzmann, Hard Probes 2006, Asilomar
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Direct Photons in d+Au

b

5

fzz s g SR prEtmnEry * proof of principle
T o CTEDRE measurement with STAR
" eeiees U=2p_,u=p_/2
i e Barrel EMC
1.8f SYS. + stat. er:ror
16F / * setting a baseline for Au+Au
1.4 - B Ea— BN T - . )
B l HLqu/% _____________ * consistent with NLO
1t ﬁﬁv+ g ﬁ | pQCD
0.8: : ; ; e ; :

I S S T '(é‘zv'l)' * reduction of systematic
p,(GeVic
errors needed to extract

0
R = ( ' 2measured ~1+ }/direct Spectrum
(}/decay / 4 )simulated Vdecay

T. Peitzmann, Hard Probes 2006, Asilomar
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Towards y-Jet in AutAu

* photon tag

trig assoc trig . .
EY'9> 10 GeV, 4 GeV < p7 " < EY — potentially clean jet

= 0.6 )
% - - Centrality preparation
Z o5 STAR Preliminary  _ 40-80% ]
5 [ — 0-10% - * clear near-side and away-
2 04 [ side correlation peaks
03r Il * strong contamination from
: n° decay photons
0.2 L :
- + — reduction in near-side strength
011 4 compatible with direct photon
; L RT j& component
o%ﬁdt‘hﬂ‘i JTFEE+++ Tt s wﬁ jull s P
-1 0 3 4 1
A6 (radian) * work in progress ...

T. Peitzmann, Hard Probes 2006, Asilomar
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Shower Shape Analysis in d+Au

d+Au 6.5 < p; (trig) < 8.5 GeV/c

wn
—
>
X
a)
4
o
3
>
o
S
<

* charged hadrons associated
with high E; EM shower

"ty  shower width selects ° and
vy candidates

1IN, dN/dA (arb unit)
i

_Illl. llllllllTllllllllllllll
=

8.5 < p; (trig) < 10.5 GeV/c
pr (assoc) > | GeV/c | * measure associated yield for

0 triggers

1IN, dN/dA (arb unit)

llllllllllllllllllll

— reduction of yield can be used
to estimate direct y

contribution in other samples

TTTHETTT

* possibility to enrich trigger
sample with direct y!

1IN, dN/dA (arb unit)

- o - N w o~ o o
III[.. lIlllllllllllllllllllllllHII

T

Y , _ S. Chattopadhyay et al,,
T. Peitzmann, Hard Probes 2006, Asilomar parallel talk
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Summary
* fragmentation regime * softening and broadening on
reached at p; = 6 GeV/c the away-side
— elliptic flow consistent!? — 2-part. correlations consistent

 upper limit on density from with Mach cone

di-hadron correlations? — 3-part. correlations show jet-

. , . . deflection - Mach cone signal
* jet-like yield consistent with not well established

vacuum fragmentation

— width, yield and momentum
spectrum unchanged

heavy flavour
— importance of cand b

. — energy loss mechanism?
* enhancement on near-side

due to soft correlation
— long range in n (ridge)

photons
— direct photons in d+Au

— getting ready to exploit EMC
capabilities for photon tagged
jets

— ridge yield indicates amount of
energy loss!?

— careful in A¢-only analysis!
T. Peitzmann, Hard Probes 2006, Asilomar
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